Thermal destruction rate curves were determined for adenovirus 12 
Budding "C"-type viral particles have been observed in short-term phytohemagglutinin-stimulated lymphocytes recovered from the blood of normal and leukemic cattle (13) . Similar viruses have been found in lymphocytes in cows' milk (12) . Electron microscopic examination of feeder layers inoculated with buffy coats recovered from the blood of leukemic cattle and with long-term bovine lymphocyte suspension cultures revealed the presence of "C"-type budding viruses (4) . Viruslike particles have also been found in milk, in biopsies, and in cell cultures derived from leukemic cows (7, 8, 10, 15, 20) . These reports stimulated interest in viral heat resistance and thus in the adequacy of the pasteurization practices of the dairy industry.
Pasteurization times and temperatures recommended by the U.S. Public Health Service have been adopted by the states so that there is uniformity in the required minimal holding times and temperatures (21) . The A toxic effect resulting in death of the mice within 48 hr was encountered when the samples were inoculated into the newborn mice. The minimal dilution that could be tolerated was 10-1 3. Therefore, all murine in vivo results were based on this dilution. The Rous sarcoma virus was diluted to 10-1 for similar reasons. The undiluted inoculum killed the embryos within 24 hr. Small numbers of viruses surviving the heat treatment could have been sufficiently diluted to prevent detection.
Mice inoculated with leukemia virus were palpated for splenomegaly or lymphadanopathy at weaning, and then at weekly intervals until they were sacrificed. All surviving animals were killed after 9 months.
With preparations containing Moloney sarcoma virus, mice were inoculated (0.1 ml) intramuscularly or subcutaneously in the left hind leg. The mice were examined for tumors at 7 days postinoculation and three times weekly thereafter. Surviving mice were killed after 4 months.
Serial dilutions of the Rous sarcoma virus preparations were inoculated onto the chorioallantoic membranes (CAM) of 9-day-old embryonated chicken eggs. After 10 days, the CAM were removed and the pocks were counted.
Histopathological examinations were performed on all mice that died or had abnormalities after inoculation with the terminal dilution samples.
Thermal inactivation. The virus was suspended in raw milk, sterile milk, raw chocolate milk, or raw ice cream mix, and was processed in a constant-temperature water bath or in a slug-flow heat exchanger (18) .
Tests at 40 to k0 C were made in the water bath for 5 to 30 min at 5-min intervals. High-temperature tests at 55 to 71.7 C at times ranging from 2 to 30 sec were processed in the heat exchanger.
Suspensions of adenovirus 12, herpes simplex virus, and reovirus 1 were diluted to obtain approximately 104 plaque-forming units per ml in the dairy product. The leukemia and sarcoma preparations were diluted 10-2 in the product to be examined. The resulting titers varied from 1023 to 105 98 per ml depending on the lot used in the test. Ten replicates containing 1.2 ml of the suspension were tested at each temperature in the water bath method. Continuous agitation of the sample during the holding time was accomplished by means of a reciprocal shaker built into the bath. At the end of the heating times, the tubes were immediately cooled to 4 C, frozen, and stored at -65 C until tested. All samples for in vivo studies were shipped in dry ice to Microbiological Associates, Inc., Rockville, Md., for assay.
Corrections for the heating and residence time distribution effects in the heat exchanger have been previously reported (18 
RESULTS
The destruction rate curves for reovirus 1 and herpes simplex virus at 55 C were asymptotic to the base line ( Fig. 1 and 2 ). Similar results have been published for erythroblastosis virus, poliovirus 1, and rhinovirus HGP (2, 5, 9) . The "tailing" effect was much less noticeable for herpes simplex virus at 60 C (Fig. 3) . The destruction rate of herpes simplex virus appeared to approach a first-order reaction except when the virus was suspended in raw ice cream mix.
The asymptotic configuration was quite apparent with reovirus 1 at 60 C (Fig. 4) . It was also apparent that the raw ice cream mix was the most protective medium of the dairy products studied.
At 65 C, the curves for adenovirus 12 and herpes simplex virus were first-order reactions (Fig. 5) (14, 22) . The Moloney sarcoma virus was slightly more resistant than the leukemia viruses. Exposure for 15 min at 50 C or 20 sec at 55 C was sufficient to prevent the development of tumors in the inoculated mice.
Rous sarcoma virus appeared to be the most resistant of the viruses studied and survived at 55 C for 20 min and at 65 C for 2 sec. A half-life of 42 sec at 60 C has been previously reported (6) . A lytic factor or nonspecific inhibitor of Rous sarcoma virus was present in three of the raw milk samples tested. The potency of this factor was such that a raw milk suspension containing 107 pock-forming units/ml was negative when inoculated onto the CAM of embryonated chicken eggs. Similar results were obtained with two other raw milk samples. Interestingly, the raw milk samples used in this study were all recovered from a bulk milk tank of a large milk-processing plant. A similar factor that reduced the titer of murine leukemia viruses has been reported (11) . protective effect of the suspending menstruum is debatable. The destruction curves approached a first-order reaction as the temperatures studied neared the pasteurization temperatures. When the z values were calculated for the viruses in the most protective medium, an adequate safety factor was present in the currently recommended pasteurization procedures. The calculated process, incorporating a 12D destruction factor, is greater than would be expected in milk or milk products. Unlike bacteria, viruses do not increase in numbers in milk. Therefore, the possibility of 12-log viral contamination is highly unlikely. Preliminary studies on the viral content of 57 raw milk samples indicated that viruses, if present at all, were present in small numbers. Viruses were found in two of the samples tested. Poliovirus 1 was recovered from one pooled sample and poliovirus 3 was recovered from the other sample (Sullivan et Whether similar results would be obtained with the reported bovine viruses can only be determined with the development of an assay system that will make possible a similar study to determine the thermal inactivation properties of these agents.
The presence of an interfering factor for Rous sarcoma virus in three samples of raw milk raises questions as to the possible presence of antibodies to a bovine oncogenic virus or to an avian tumor virus in cows' milk. An attempt should be made to determine a possible relationship of this factor to a subclinical infection of bovine leukemia.
